Comment on "Like-Charge Attraction and Hydrodynamic Interaction" 

The recent Letter [1] proposed a method to explain the observed micron-ranged attraction 
of colloidal particles on base of the macroscopic off-diagonal force in a hydrodynamic medium 
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^ I separated by the distance r, in this approach is written as Ueff{r) = UoLvoif) + Uau{r, h), 
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where Udlvo is the repulsion DLVO potential and Uatt is the new attraction, proposed 



fluid boundary, which is apart of the particle pair by a distance h. The repulsion and the 
^ ' 

O ' attraction act together resulting in the minimum in the total potential f/e//, which, in the 



limit of non-small nr, has the depth 



Tb ' Umin - Uo—exp[-{h - a)K] f (^,Ka,Kh) (1) 



ro is the optimum distance, cXp and Og are surface charge densities of particles and the glass 
plane, a is the particle radius, is the Debye length, and / is some function of the order 
of unity. Uq is a scale of the electrostatic energy 
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■ What the experiments say? Colloidal particles, confined between two glass plates, exhibit 

Vmin — 0.2kBT or less for different ionic strength [2]. This experimental arrangement, 
studied in the other lab, gives f/mm — (0.3 — 0.4:)kBT for different particle diameters and 
distances between plates [3]. The same type of the experimental arrangement of particles 



^ ■ between two glass plates, studied in the third lab, gives Umin — l-SkBT or less for different 



ionic strength, screening length, and particle diameter [4]. Two particles in a one- wall 
geometry exhibit Umin — O.Tfc^T or less [5]. Polystyrene colloidal particles of a diameter 
0.5/im on the water-air interface exhibit Umin — CSfc^T at a center-to-center separation 
of 0.9/im [6]. As one can see, despite of different conditions (even particles on the water 
surface), there is a very stable common feature of the all various experiments. The attraction 
minimum is always of the order of ksT and does not exceed LSfc^T. This provides a 



hypothesis of some common mechanism of the micron-ranged attraction, which is responsible 
for the universahty of Umm- A possible mechanism is rather an interaction mediated by 
thermal fluctuations in the system, resulting in the sufficiently universal attraction of the 
order of ksT regardless a big dispersion of parameters [7]. 

How the method, proposed in the Letter [1], does fit the experimentally observed univer- 
sality of Umin! According to Eq. (|l]), the big value of mq, Eq. (||), should be compensated by 
the small exponent to obtain the experimental value Umin ~ ksT of Ref. [5]. This is possi- 
ble, if to adjust Ogjoy to the set of other known parameters. The /i-dependence of minima 
in Fig. 3 of Ref. [1] is reasonably proportional to exp(— /?/;,). For h = 2.0/im the minimum 
depth becomes Umin — G-SksT and it grows up fast with further decrease of h. Therefore, 
the theory, proposed in the Letter [1], is not consistent with the above universality, since it 
is based on the accidental compensation of two big interactions, the repulsive Udlvo and 
the attractive Uatt- In other words, the value of the order of fc^T for Umin is occasional for 
the proposed mechanism. The energy scale fc^T is not specific in the theory, it is simply 
met on the way to the big Umin ~ lO^ksT, when h decreases. Any attempt to apply the 
theory to experiments [2-4], as the authors suppose, will require a stable accidental com- 
pensation of the big Udlvo and Uatt down to (0.2 — 1.3)/cbT in various experimental sets, 
which is impossible. The substantial point, giving an advantage to the presented theory 
over the universality mechanism in explanation of the results [5], would be an observation 
of big Umin/ksT. But it was not observed, the biggest measured Umin in Ref. [5] is of 
O.TkBT. This says that the attraction in Ref. [5] is rather of the same common mechanism 
like in Refs. [2-4, 6]. The similarity of the two calculated curves with experimental ones is 
not a firm argument, because one-parameter adjustment of the power law curve Uatt to the 
known exponential curve Udlvo can easily fit a region near the minimum of the curve with 
h = 2.5yum. The second curve {h = 9.5/im) is simply DLVO. 

According to the above arguments, the proposed mechanism is very unlikely relevant 
in explanation of the observed micron-ranged attraction of colloidal particles, since the es- 
sential aspect of this attraction, Umin ~ ^b^, is not accounted in the theory as a stable 
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feature. The particular experimental result is explained on base of an accidental parametric 
fit. Nevertheless, the method of the off-diagonal hydrodynamic interaction is interesting and 
it may be applicable to experiments, which will show a big value of Umin/kBT. 
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